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NK cell receptors: Of missing sugar and missing self
Peter Parham
Natural killer cells in mice detect cells in distress using
lectin-like receptors that bind to self-MHC class I
molecules. A new co-crystal structure suggests how NK
cell maturation and attack may be mediated by receptor
interaction at two distinct sites on the MHC class I
molecule, both involving glycosylation.
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Natural killer (NK) cells are large, lytic lymphocytes that
defend the body from the beginning of infection and can
slow or prevent progression to disease [1]. NK cells
specialize in viral infections, especially those caused by
herpes viruses. What aspects of infection make NK cells
attack, and precisely how their targets are chosen, cannot
yet be explained satisfactorily. But heavily implicated in
these recognitive mechanisms are inhibitory receptors of
the NK cell surface, which interact with class I molecules
of the major histocompatibility complex (MHC) [2]. The
discovery of these receptors was presaged by Klas Kärre’s
observation of the propensity for NK cells to kill cells that
lose their MHC class I molecules, and his insight that
NK cells must recognize the consequent ‘missing self’ [3].
As it turned out, this recognition of missing self was
something of an illusion. The attack of NK cells on
healthy cells is now seen to be actively suppressed by a
recognition of self-MHC class I molecules that delivers
an inhibitory signal. Consequently, abnormal events that
reduce the level of MHC class I on a cell make it less
able to inhibit NK cells and more likely to be killed by
one of them (Figure 1). 
NK cell receptors for MHC class I molecules are of two
very different types, with binding sites that are either
formed from concatenations of immunoglobulin-like
domains or resemble the carbohydrate-recognition
domains of C-type lectins. These structural inferences,
first made on the basis of amino-acid sequence, have
survived the test of X-ray crystallography. A more reveal-
ing step in this line of enquiry, determination of the struc-
ture of an NK cell receptor bound to an MHC class I
ligand, has now been accomplished and was published at
the close of last year [4]. The Ly49A receptor studied by
Tormo et al. [4] is of the type resembling a lectin and was
actually the first NK cell receptor for MHC class I to be
identified [5]. Ly49A is one of a number of related mouse
NK cell receptors that are encoded by the Ly49 gene
family and present as homodimers on NK cell surfaces.
Several polymorphic variants of mouse MHC class I (H-2)
molecules are ligands for Ly49A; the one used by Tormo
et al. [4] was H-2Dd.
Figure 1
How a mouse natural killer (NK) cell recognizes
missing self. The left panel shows the H-2Dd
MHC class I molecule of a healthy cell binding
to an NK cell via the Ly49A receptor, which
delivers a signal that inhibits the NK cell’s killing
mechanism. The interaction of Ly49A is with
‘site 1’ of H-2Dd [4], which involves the
oligosaccharide attached at position 176 and
the nearby protein surface. The
oligosaccharides of H-2Dd are shown in red.
The right panel shows an unhealthy cell in
which viral infection has led to loss of
expression of MHC class I. The NK cell is no
longer inhibited by signals transduced from the
Ly49A receptor and is able to kill the unhealthy
cell. CRD signifies the part of the Ly49A
polypeptide that is similar to the carbohydrate
recognition domain of C-type lectins such as
the mannose-binding protein; α1, α2 and α3 are
the three extracellular domains of the MHC
class I heavy (or α) chain; β2m refers to β2
microglobulin, the common light chain of MHC
class I molecules.
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Upon discovery that Ly49A was an H-2Dd receptor, the
burning question was does it execute this function by
lectin-like interaction with oligosaccharide of the H-2Dd
ligand? This question has been addressed by two broad
types of experiment: in one, the binding of purified and
synthetic carbohydrates to Ly49A, or their effect upon its
function, was examined; in the other, the H-2Dd oligosac-
charides were altered and the capacity of the modified
H-2Dd molecules to ligate Ly49A assessed. In reviewing
the results in 1996 [6], a reasonable case could be made
that Ly49A has lectin-like activity, but it was less clear
whether it has any specificity for MHC class I oligosaccha-
rides. Neither was carbohydrate going to tell the whole
story, because the MHC class I specificity of Ly49A was
clearly tied to protein allotype. Since 1996, more direct evi-
dence has strengthened support for a scheme in which
Ly49A binds to a composite epitope comprising both the
protein and carbohydrate of an MHC class I molecule. Par-
ticularly incisive was the demonstration by Lian et al. [7]
that binding of H-2Dd to Ly49A was dependent upon the
presence of the oligosaccharide at position 176, but not
that at position 86, of the class I heavy chain.
Tormo et al. [4] have now reported the structure of co-
crystals made from soluble recombinant proteins: dimers
of the carbohydrate recognition domain of Ly49A plus the
entire extracellular part of H-2Dd, including bound
peptide. Given the project’s glycobiological context, the
approach might seem quixotic, for the H-2Dd was
fabricated by bacteria and so missing its N-linked glycans.
But the results have certainly vindicated the means, and
with appealing irony the crystal structure of the sugar-free
complex points almost directly at the involvement of H-
2Dd carbohydrate in physiological binding to Ly49A.
Adding icing to the cake was the unexpected finding that,
in the crystal, Ly49A interacts with H-2Dd at two
topographically separable sites, each invoking participa-
tion of a different glycan moiety.
The first of the two interaction sites found by Tormo
et al. [4] is situated at one end of the MHC class I peptide-
binding site (Figure 1) and involves the amino terminus of
the α1 helix and the carboxyl terminus of the α2 helix. A
single Ly49A polypeptide engages this interface and its
general mode of binding ligand is like that of other
immune-system C-type lectins. Here the Ly49A binding
site poises above residue 176, where the oligosaccharide
necessary for high-affinity binding would normally be
attached [7]. There is considerable evidence that this is
the MHC class I site by which a potential target cell
informs an NK cell whether self is present or missing.
Although all mouse MHC class I allotypes are glycosy-
lated at asparagine 176, Ly49A binds only to some of
them. Tormo et al. [4] envisage that specificity is imparted
to the interaction by the natural amino-acid substitutions
at several polymorphic positions present on the surface of
the H-2 protein that interacts with Ly49A.
The second site where Ly49A interacts with H-2Dd is a
cavity underneath the peptide-binding site, which is
bounded by the α2 and α3 domains and β2-microglobulin
(Figure 2). Both polypeptides of an Ly49A homodimer
contribute to interaction with this site, but one dominates
in filling the cavity. The other polypeptide selectively
interacts with the amino terminus of the H-2Dd α2 helix
and the carboxyl terminus of the α1 helix; there, Ly49A’s
carbohydrate-binding site is positioned in proximity to
asparagine 86, where H-2Dd is normally glycosylated. The
inference is that, when the oligosaccharide is present, it
can engage the second Ly49A binding site.
The two N-linked glycosylation sites present on H-2Dd
have dramatically different phylogenetic distributions. The
glycosylation site at asparagine 86 is an invariant feature of
every MHC class I heavy chain sequence so far deter-
mined, whereas glycosylation at residue 176 is a peculiarity
of mice. Lian et al. [7] failed to find the latter glycosylation
site in any rat, rabbit, squirrel, cow, horse, cat, cheetah,
frog, fish, monkey, ape or human MHC class I molecule. In
humans, the lack of glycan at position 176 of MHC class I
heavy chains correlates with the demise of the hominoid
Ly49 gene family, which is represented by a solitary, relict
pseudogene [8]. Rats, the animals closest to mice, do
express Ly49 genes but, according to Lian et al. [7], the pro-
teins do not interact with MHC class I in a manner akin to
Ly49A’s interaction with H-2Dd. Such phylogenetic drama
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Figure 2
Binding of Ly49A to ‘site 2’ of H-2Dd [4]. This interaction is believed
only to take place between adjacent molecules on the same
membrane. This type of interaction could take place on the cell
surface, as shown in the figure, or within the endoplasmic reticulum
and other vesicular compartments of the NK cell’s exocytic pathway.
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questions the extent to which the detailed interactions
between Ly49A and the site 1 region of H-2Dd apply to
the lectin-like NK-cell receptors and MHC class I ligands
of species other than mice.
In contrast, the omnipresence of glycosylation at position
86 in MHC class I heavy chains points to some function
of this oligosaccharide that has been subject to selection
throughout vertebrate evolution. For human MHC class
I molecules, asparagine 86 is the only glycosylation site
and the oligosaccharides attached there are exceptionally
homogeneous in structure [9]. One ancient function of
this oligosaccharide is interaction with calnexin, a mem-
brane-bound lectin of the endoplasmic reticulum that
facilitates folding and assembly of MHC class I mole-
cules and other glycoproteins [6]. From considerations of
geometry and topology, Tormo et al. [4] suggest that
interaction of Ly49A with site 2 of H-2Dd is restricted to
molecules expressed in the same cell membrane, and so
is unlikely to contribute to NK cell recognition and
killing of target cells. Instead, they suggest that this
mode of interaction is directly responsible for the differ-
ent levels of Ly49A observed at the surface of NK cells
that either do, or do not, express a compatible MHC
class I ligand. This process, whereby Ly49A is present at
much lower levels on cells expressing a compatible H-2
ligand, has been termed ‘calibration’ [10]. One way it
could happen is for newly synthesized MHC class I and
Ly49A molecules to form complexes in the endoplasmic
reticulum that are unable to reach the cell surface. Alter-
natively, complex formation at the cell surface could
speed endocytosis and degradation. 
In the first description of an MHC class I crystal structure,
the most exciting feature was that most poorly resolved:
the blurry extra-density that signified the bound peptide
antigens recognized by cytotoxic T cells [11]. In studying
the complex of an NK-cell receptor with MHC class I,
Tormo et al. [4] have taken this credo of less-is-more to
higher level. In their structure, it is missing density
between interacting sugar-free proteins which provokes
belief that MHC class I carbohydrate, as well as protein, is
recognized by NK-cell receptors. 
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